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(54) Constant pressure mechanism of probe 

(57) A constant pressure mechanism of a probe 
(2A. 2B) for unidirectionally urging the probe in a prede- 
termined direction by virtue of elastic force of a spring 
(10A, 10B, 14D, 14E) is provided, the constant pressure 
mechanism comprising: a first pulley (6A, 5B, 6C to 6E) 
rotatably supported around a central axis (4A, 4B) by an 
instrument stationary portion (3A, 3B); a rotation force 
urging mechanism (15) for urging the first pulley in a 
predetermined rotation direction; and a first wire (8 A, 
7B. 8C to 8E) having a first end fixed to the first pulley 
and a second end jointed to the probe. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present Invention relates to a constant pressure mechanism for a probe of contact measuring instrument. 

2. DESCRIPTION OF RELATED ART 

[0002] As widely known, a probe (measurement portion) is pressed onto a target surface by virtue of force of coil 
spring during measurement with a measuring instrument such as dial gauge. However, if the probe is merely pressed 
by the coil spring, biasing force of the coil spring changes in accordance with flexed degree of the coil spring, which 
causes change in contact force according to movement of the probe. 

[0003] More specifically, when the biasing force of the coil spring changes in accordance with movement of the probe, 
contact pressure of the probe applied to the target surface also changes in accordance therewith, so that the target sur- 
face itself can be deformed or the support condition of the workpiece changes by a counterforce corresponding thereto, 
thus being unable to obtain correct measurement result with reproducibility. 

[0004] In view of the above problem, the Applicant of the present patent application has proposed a constant pressure 
mechanism for pressing the probe at an approximately constant force irrespective of movement amount thereof in Jap- 
anese Patent Application No. Hei 10-82788 (Japanese Patent Application Laid-Open Publication No., Hei 11-257904) 
and Japanese Patent Application No. Hei 10-315469. 

[0005] However, according to the above constant pressure mechanism, though the measurement pressure of the 
probe can be maintained approximately constant irrespective of movement amount of the probe, the entire dimension 
of the mechanism can be significantly large when the movement distance of the probe is large and weight of the mech- 
anism can be increased. Therefore, the above constant pressure mechanism is not suitably used for a probe with large 
measurement distance 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a constant pressure mechanism of a probe with small outer 
dimension and light weight and capable of pressing the probe at an approximately constant pressure even when the 
movement distance of the probe is large. 

[0007] For attaining an object of the present invention, the present invention is a constant pressure mechanism of a 
probe for unidirectionally urging the probe in a predetermined direction by virtue of elastic force of a spring. The con- 
stant pressure mechanism of a probe having: a first pulley rotatably supported around a central axis by an instrument 
stationary portion; a rotation force urging mechanism for urging the first pulley in a predetermined rotation direction; and 
a first wire having a first end fixed to the first pulley and a second end jointed to the probe. 

[0008] In the present invention, the rotation force urging mechanism may preferably include: a second pulley coaxial 
with the first pulley and capable of combined rotation therewith; and a second wire having an end fixed to the second 
pulley and the spring, the spring having one end being fixed to the instrument stationary portion with a free end jointed 
to the other end of the second wire. 

[0009] The first pulley and the second pulley may be respectively either a circular pulley or a spiral pulley. The spiral 
pulley on one side can change effective diameter relative to the wire, thus appropriately adjusting rotation force for the 
same displacement. For instance, increase rate of the pull strength differs in a condition where the spring is stretched 
and a condition where the spring is not stretched even for the same displacement. However, since the spiral pulley is 
used so that the radius relative to the wire length becomes small when the spring is stretched, always constant pull 
strength can be generated. 

[0010] The spring may be a coil spring, or alternatively, may be a plate spring. 

[0011] The rotation force urging mechanism may be composed of a spiral spring having an end being fixed to the 
instrument stationary portion and the other end being jointed to the first pulley. 

[0012] In the present invention, a counter mechanism may preferably be connected to an inner end of the probe. The 
counter mechanism may be a counter pinion meshed with the probe, thus counting by a rotary encoder etc. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] 

5 Fig. 1 is a front elevation of a constant pressure mechanism of a probe according to first embodiment of the present 

invention; 

Fig. 2 is an illustration of principle of the constant pressure mechanism of a probe; 
Fig. 3 is an enlarged view of a primary portion of the constant pressure mechanism of a probe; 
Fig. 4 is an illustration of a spiral curve of the constant pressure mechanism of a probe; 
io Fig. 5 is a front elevation of a constant pressure mechanism of a probe according to second embodiment of the 

present invention; 

Fig. 6(a) is a front elevation of a primary portion of a constant pressure mechanism of a probe according to third 
embodiment of the present invention; 

Fig. 6(b) is a right side elevation of a primary portion of the constant pressure mechanism of a probe according to 
w the third embodiment of the present invention; 

Fig. 6(c) is a rear elevation of a primary portion of constant pressure mechanism according to the third embodiment 
of the present invention; 

Fig. 7(a) is a rear elevation of a primary portion of a constant pressure mechanism according to fourth embodiment 
of the present invention; 

20 Fig. 7(b) is a left side elevation of a primary portion of the constant pressure mechanism according to the fourth 

embodiment of the present invention; 

Fig. 7(c) is a front elevation of a primary portion of the constant pressure mechanism according to the fourth 
embodiment of the present invention; 

Fig. 8(a) is a rear elevation of a primary portion of a constant pressure mechanism of a probe according to fifth 
25 embodiment of the present invention; 

Fig. 8(b) is a left side elevation of a primary portion of the constant pressure mechanism of a probe according to 
the fifth embodiment of the present invention; and 

Fig. 8(c) is a front elevation of a primary portion of the constant pressure mechanism of a probe according to the 
fifth embodiment of the present invention. 

30 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S) 



[0014] Preferred embodiments of the present invention will be described below in detail with reference to attached 
drawings. 

35 [001 5] Figs. 1 to 4 show the first embodiment of the present invention. Fig. 1 is an enlarged front elevation of the con- 
stant pressure mechanism of a probe. 

[0016] As shown in Fig. 1 , a probe 2A having a tip contact portion 2a for following a target surface (not shown) is sup- 
ported slidably in arrow A direction relative to a case 3A (instrument stationary portion). 

[0017] A circular pulley 5A and a spiral pulley 6A joined by a central axis 4A are rotatably supported to a lower end of 
40 the case 3A as the instrument stationary portion, and an end of wires 7A and 8A is respectively fixed to the circular pul- 
ley 5A and the spiral pulley 6A. 

[0018] More specifically, in the first embodiment, a coil spring 10A having a fixed end fixed to an engage pin 9A on an 
upper side of the case 3A is located at an inside of the case 3A. A free end of the coil spring 10A is connected to one 
end of the wire 7A with the other end being fixed to the circular pulley 5A while being approximately parallel to a length 
45 of the probe 2A. Unidirectional rotational force is applied to the circular pulley 5A by a deforming stress of the coil spring 
10A. 

[0019] One end of the wire 8A having the other end fixed to the spiral pulley 6A is hooked to an engage pin 1 1 A at 
inner end of the probe 2A while being approximately parallel to the probe 2A. Thus, the deforming stress of the coil 
spring 10A is transmitted to the probe 2A through the wire 7A, the circular pulley 5A, the spiral pulley 6A and the wire 

so 8 A, so that always constant downward protrusion force is applied to the probe 2A. 

[0020] The coil spring 1 0A, the wire 7A and the circular pulley 5A constitute a rotational force urging mechanism 1 5. 
[0021 ] A rod rack member 1 2A as an extension of the probe 2A is fixed to an inner end of the probe 2A and a counter 
pinion 13A rotatably supported in the case 3A is meshed to the rack member 12A. Accordingly, longitudinal displace- 
ment of the probe 2A along the target surface is converted to a rotation angle of the counter pinion 13A through the rack 

55 member 12A and the counter pinion 13A. The rotation angle of the counter pinion 13Ais electrically converted to a con- 
verter (not shown), so that the displacement of the probe 2A is accurately measured. 
[0022] The rack 12 A, the counter pinion 13A and the converter constitute the counter mechanism. 
[0023] Fig. 2 is an illustration of principle of the constant pressure mechanism of a probe according to the above- 
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described first embodiment. In Figs. 2 and 3, measurement force of the probe 2A is "Fm", radius of the circular pulley 
5A is "FT, and spring constant (stiffness) of the coil spring 10A is "K", where respective positions of the circular pulley 
5A, the spiral pulley 6A and the probe 2A are origin when the wires 7 A and 8A are vertically tense and the coil spring 
10A is at its natural length. When the variables are respectively^ 
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deforming stress 
extension of coil spring 10A 

rotation angle of the circular pulley 5A and the spiral pulley 6A 
distance from the central axis 4A of the spiral pulley 6A to the wire 8A 



following equations stand true: 



15 



X=R* e 



Fs=K*X 



fs 
X 

e (radian) 
h 



(first equation) 
(second equation) 



20 



[0024] Further, when the mutually opposite torques applied to the circular pulley 5A and the spiral pulley 6A are equal, 
following equation stands true: 

Fm*h=fs*R; 



25 



which can be modified as: 



h=(R/Fm)*fs 



(third equation) 



[0025] When the third equation is substituted by the first and the second equations, following relationship can be 
established. 



30 
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40 



h=(K*R /Fm)* 6 



(fourth equation) 



[0026] In other words, a spiral satisfying the fourth equation can convert the deforming stress fs of the coil spring 1 0A 
into a constant measurement force Fm. 

[0027] Fig. 4 shows a spiral of the spiral pulley 6A. When the spiral is represented by a polar coordinates where the 
radius is V and the angle is ,, 0'\ the relationship between V and "0" can be described as follows: 



r=f(0) 



(fifth equation) 



[0028] Here, when the point where the wire 8A put around the spiral pulley 6A touches the spiral curve is on a hori- 
zontal line a predetermined distance ("M") away from the center of the spiral pulley 6A, i.e. the central axis 4A: 



2 U 2 KA 2 

r -h =M 



45 



which can be modified as: 



r = 2 + h 2 



(sixth equation) 
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55 



[0029] Further, following relationship stands true: 



h=M*tana 
0 =G -a 



[0030] In comparing the fourth equation and the seventh equation, if: 

M=K*R 2 /Fm 



(seventh equation) 
(eighth equation) 



a=tan " 9 
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then, the fourth equation stands true, so that the spiral curve satisfies the present object. 
[0031] At this time, the fifth, the sixth and the eighth equations can be represented by the following formulas: 



5 



K • R I — 2 2 

r = f {<)>) — V1 +© (ninth equation) 




0 = e -tan 1 e 



(tenth equation) 



w [0032] In other words, the curve represented by the ninth and the tenth equations is a spiral curve for converting the 
deforming stress of the coil spring 1 0A into a constant measuring force of the probe 2A. 

[0033] Fig. 5 is a front elevation of a constant pressure mechanism of a probe according to the second embodiment 
of the present invention corresponding to Fig.1 . 

[0034] The constant pressure mechanism of a probe according to the present embodiment is identical with the first 
15 embodiment in that the constant pressure mechanism has a circular pulley 5B and a spiral pulley 6B rotatably sup- 
ported on a lower end of a case 3B and jointed by a central axis 4B and that an end of the wires 7B and 8B is respec- 
tively fixed to the circular pulley 5B and the spiral pulley 6B. 

[0035] In the second embodiment, a coil spring 1 0B having a fixed end secured to the engage pin 9B is located inside 
the case 3B and a free end of the coil spring 1 0B is connected to one end of the wire 8B with the other end being fixed 

20 to the spiral 6B while the coil spring 10B is approximately parallel to the longitudinal direction of the probe 2B. 

[0036] Further, one end of the wire 7B with the other end being fixed to the circular pulley 5B is hooked to an engage 
pin 11 B at inner end of the probe 2B while being parallel to the probe 2B, so that the deforming stress of the coil spring 
1 0B is transmitted to the probe 2B through the wire 8B, the spiral pulley 6B, the circular pulley 5B and the wire 7B. 
[0037] Accordingly, since the deforming stress of the coil spring 10B can be transmitted to the probe 2B through the 

25 wire 8B, the spiral pulley 6B, the circular pulley 5B and the wire 7B, a constant measuring force can be applied to the 
probe 2B irrespective of longitudinal displacement thereof as in the first embodiment. 

[0038] The coil spring 10B, the wire 8B and the spiral pulley 6B constitute the rotation force urging mechanism 15. 
[0039] The counter mechanism is the same as the first embodiment and description thereof is omitted here. 
[0040] Fig. 6(a), (b) and (c) show a constant pressure mechanism according to third embodiment of the present inven- 
30 tion. In the present embodiment, the aforesaid circular pulleys 5A and 5B are modified into a circular pulley 5C having 
a wire 7C wound around for more than 360 degrees, and the aforesaid spiral pulleys 6A and 6B are modified into a spi- 
ral pulley 6C composed of a volute curve of more than 360 degrees. A wire 8C is located to a spiral groove of the spiral 
pulley 6C 

[0041] According to the above -described arrangement, the deforming stress of the coil spring (not illustrated; the 
35 same as the coil springs 1 0A and 1 0B of the aforesaid embodiments) can be converted into a constant measuring force 
applied to the probes 2A and 2B by the circular pulley 5C and the spiral pulley 6C. Further, the above arrangement is 
adapted to wide displacement of the probes 2A and 2B. 

[0042] In the present embodiment, the coil spring (not shown), the wire 7C and the circular pulley 5C constitute the 
rotation force urging mechanism 15. 

40 [0043] Figs. 7(a), 7(b) and 7(c) respectively show rear elevation, side elevation and front elevation of the constant 
pressure mechanism of the fourth embodiment of the present invention. In the present embodiment, a spiral spring 14D 
is used as the rotation force urging mechanism. A free end of the spiral spring 14D is connected to a central axis 4A 
jointed with the spiral pulley 6D and the outer other end of the spiral spring 1 4D is secured to the instrument stationary 
portion. The arrangement of one end of the wire 8D with the other end being fixed to the spiral pulley 6D and the counter 

45 mechanism is the same as the aforesaid embodiments, and the description thereof is omitted. 

[0044] In the present embodiment, the spiral spring 14D constitutes the rotation force urging mechanism 15. 
[0045] Figs. 8(a), 8(b) and 8(c) are respectively rear elevation, side elevation and front elevation of a constant pres- 
sure mechanism of the fifth embodiment of the present invention. In the present embodiment, a spiral spring 14E is 
used as the rotation force urging mechanism. The present embodiment is the same as the fourth embodiment except 

so that an outer free end of the spiral spring 14E is connected to the spiral pulley 6E and the inner other end of the spiral 
spring 1 4E is fixed to the instrument stationary portion. 

[0046] In the present embodiment, the spiral spring 14E constitutes the rotation force urging mechanism 15. 
[0047] In the fourth and fifth embodiment, since the spiral spring 14D and 14E are used, the deforming stress of the 
spiral springs 14D and 14E can be converted into constant measuring force applied to the probe by the spiral pulley 6D 
55 and 6E, thus being adapted to wide displacement of the probe. 

[0048] Further, when the spiral springs 14D and 14E are used as the rotation force urging mechanism and the dis- 
placement of the probe is relatively small, the circular pulley can be used instead of the spiral pulleys 6D and 6E for 
maintaining substantially constant measuring force. 
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[0049] Though the coil spring is used in the first to third embodiments, when the displacement is within a small range, 
plate springs etc. can be used instead of the coil spring for reducing the entire size of the instrument 
[0050] Further, though the spring is fixed to the instrument stationary portion at one position, the engage pin may be 
arranged as a movable mechanism using a screw etc. and a measurement force adjuster may be provided by the mov- 
5 able fixing position. Alternatively, in the similar manner, the measurement force adjuster may be provided by letting a 
spring connecting position on the pulley side to be movable. 

Claims 

w 1. A constant pressure mechanism of a probe (2A, 2B) for unidirectional ly urging the probe in a predetermined direc- 
tion by virtue of elastic force of a spring (1 OA, 1 0B, 1 4D, 1 4E), comprising: 

a first pulley (6A, 5B, 6C to 6E) rotatably supported around a central axis (4A, 4B) by an instrument stationary 
portion (3A, 3B); 

15 a rotation force urging mechanism (15) for urging the first pulley in a predetermined rotation direction; and 

a first wire (8A, 7B, 8C to 8E) having a first end fixed to the first pulley and a second end jointed to the probe. 

2. The constant pressure mechanism of a probe according to Claim 1 , wherein the rotation force urging mechanism 
(15) includes: 

20 

a second pulley (5A, 6B, 5C) coaxial with the first pulley and capable of combined rotation therewith; and 
a second wire (7A, 8B, 7C) having an end fixed to the second pulley and the spring (10A, 10B), the spring hav- 
ing one end being fixed to the instrument stationary portion (3A, 3B) with a free end jointed to the other end of 
the second wire. 

25 

3. The constant pressure mechanism of a probe according to Claim 2, wherein the first pulley (6A, 5B, 6C to 6E) and 
the second pulley (5A, 6B, 5C) are respectively either a circular pulley or a spiral pulley. 

4. The constant pressure mechanism of a probe according to Claim 2, wherein the spring (10A, 10B) is a coil spring. 

30 

5. The constant pressure mechanism of a probe according to Claim 2, wherein the spring is a plate spring. 

6. The constant pressure mechanism of a probe according to Claim 1 , wherein the rotation force urging mechanism 
(15) includes a spiral spring (14D, 14E) having an end being fixed to the instrument stationary portion and the other 

35 end being jointed to the first pulley (6D, 6E). 

7. The constant pressure mechanism of a probe according to any one of Claims 1 to 6, wherein a counter mechanism 
is connected to an inner end of the probe. 
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(54) Constant pressure mechanism of probe 

(57) A constant pressure mechanism of a probe (2A, 
2B) for unidirectionally urging the probe in a predeter- 
mined direction by virtue of elastic force of a spring (10A, 
10B, 14D, 14E) is provided, the constant pressure 
mechanism comprising: a first pulley (6A, 5B, 6C to 6E) 
rotatably supported around a central axis (4A, 4B) by an 
instrument stationary portion (3A, 3B); a rotation force 
urging mechanism (15) for urging the first pulley in a pre- 
determined rotation direction; and a first wire (8A, 7B, 
8C to 8E) having a first end fixed to the first pulley and 
a second end jointed to the probe. 
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